We report the observation of def lection of optical solitons generated in the frequency doubling of light beams containing edgelike topological amplitude and phase dislocations. The angular def lection of the solitons was found to be controllable through the position of the dislocation. The experiments were conducted near phase matching in a bulk potassium titanyl phosphate crystal pumped with picosecond light pulses at 1064 nm.
Multicolor soliton formation mediated by cascading of quadratic nonlinearities has been demonstrated in a variety of materials and geometries. 1, 2 Several schemes for manipulating and controlling the soliton properties have also been explored experimentally. Concepts demonstrated to date include beam steering, 3, 4 switching by walking soliton excitation, 5 spatial shaping and clean-up of distorted beams, 6 ultrafast digital logic with spatiotemporal solitons, 7 pixellike soliton matrices, 8 contrast enhancement of blurred digital images, 9 temporal reshaping of picosecond pulses by spatial soliton generation, 10 switching of periodic light patterns, 11 and trapping of a weak frequency-shifted probe beam by a soliton. 12 The principle of operation of most such concepts is based on the features of the families of solitons themselves; in other cases the scheme requires that the amplitude or the phase of the input light be acted on. The latter option includes the case of multisoliton generation by beams containing vortices or screw wave-front dislocations, which have been used to demonstrate the generation of expanding multicolor soliton clusters. 13, 14 Soliton generation by input beams containing extended dislocations, such as phase and amplitude jumps, or, more properly, wave-front transverse edge dislocations, 15 constitutes a new possibility that we explore in this Letter for the f irst time to our knowledge. We conducted experiments under conditions of second-harmonic (SH) generation in a bulk crystal and found that the position of the edge dislocation relative to the peak of the input beam can be used to control the number and location of the solitons generated. Therefore the scheme explored here offers a new opportunity for controlling and manipulating soliton signals, in particular, for angle steering of solitons (see, e.g., Ref. 16 and references therein for potential applications in the case of solitons supported by cubic nonlinearities).
Our experiments were performed in a 2-cm-long potassium titanyl phosphate (KTP) crystal cut for type II oee phase-matching SH generation in the XY plane. The incident polarization was set so that the input energy at both polarizations was almost identical. Our light source was a 1064-nm beam from a Q-switched, mode-locked Nd:YAG laser (EKSMA) providing 35-ps pulses with a 25-Hz repetition rate. We employed a CCD camera and an imaging system to monitor both the FF and the SH beam distributions output of the crystal. In most of the experiments reported here we focused the FF beam at the input face of the crystal to a beam waist of 18 mm, which corresponds to a diffraction length inside the KTP crystal of ϳ1.5 mm. Therefore the crystal contained ϳ12 diffraction lengths of the fundamental input beam. Most of the experiments were conducted under conditions of effective phase matching, i.e., for the crystal orientation where at low power the generated SH beam was brightest.
We imprinted an extended edge dislocation containing both a phase jump and an amplitude jump into the input FF beam by using a spatially shifted, transparent, thin glass plate. The glass plate was located just in front of the input surface of the lens that was used to focus the beam delivered by the laser to the input face of the KTP crystal. To obtain a phase delay between the portions of the beam that pass through air and those that pass through the glass plate, we adjusted the inclination of the plate. Very small inclination angles were required. The plate had a thickness of 140 mm, and its edge introduced an amplitude jump in the beam before a focusing lens, which appeared as a dark line with a width of approximately 50 mm. The aperture area of the glass plate employed was much larger than the laser spot size, which was ϳ7 mm, with the aim of generating well-defined edge dislocations across several beam widths.
First we studied the output FF and SH beamintensity distributions at different peak input FF powers when the jump was located on one of the symmetry axes of the pump beam. At small input powers a dark line in the output FF beam and a pair of dark lines at the SH beam [shown in Figs. 1(a) and 1(b)] were observed, which is in agreement with previous observations for the regime of negligible pump depletion. 17 Such an agreement was used as an indication that a p-like phase and amplitude dislocation was imprinted in the input light beam. Complex light distributions develop far from the input beam location, but no effects that could be attributed to the transverse instability of the input edge dislocations themselves were observed to occur inside the region with more intense light distributions, i.e., the region of relevance for the observations at the soliton regime, discussed below.
Gradually increasing the input power resulted in a light pattern with sidelobes, which became spatially modulated. Further increasing the input power above a threshold caused the sidelobes to collapse into two well-def ined solitons. The two solitons featured a beam shape slightly narrower than the input and left the KTP crystal with opposite transverse def lection angles relative to the input beam. The threshold input peak power was measured to be 90 kW, which was approximately twice the value required to generate a single soliton with a Gaussian-shaped input. Next, keeping the input power constant, we gradually displaced the glass plate from the on-axis position. We observed that small displacements caused one of the generated beams to diffract while the more intense part of the beam formed a soliton that was def lected from the original position. Representative examples of the light distributions that were harvested for several displacements of the glass plate are shown in Fig. 2 . The important result, that the def lection angle depends on the location of the edge dislocation, is clearly visible. As expected on intuitive grounds, the further the edge dislocation from the beam center, the smaller the def lection caused on the soliton. Figure 3 collects the output soliton positions as a function of the location of the glass plate.
We observed a behavior qualitatively similar to but quantitatively different from that described above when we used input beams in additional series of experiments, not shown here, with different input beam waists and with crystal orientations slightly detuned from phase matching. For example, we conducted experiments with beams focused at 25 mm and observed features identical to those outlined above, but the separation between the solitons generated under on-axis conditions was observed to be smaller with the 25-mm waist than with the 18-mm waist. This is consistent with the larger diffraction lengths, hence the slower evolution, of the former. Signif icant deviations from phase matching prevented soliton formation by rendering the input power below the soliton-generation threshold. On the other hand, experiments conducted with input peak powers higher than those discussed here allowed two solitons to be formed with larger off-axis deviations of the edge dislocations than those allowed with 90 kW, because with the higher input powers even the less-favored fraction of the beam that otherwise diffracts received a share that rendered it above the soliton threshold, and thus a soliton was generated.
Our experimental observations are in good agreement with detailed series of simulations of the light evolution in quadratic crystals that were conducted to gain further insight into the process. The numerics were conducted by solving the standard evolution equations of cw light signals in the corresponding bulk KTP crystal, including the Poynting vector walk-off of r ϳ 0.2 ± present in the phase-matching geometry of this experiment, namely,
where a Figure 4 shows an example of the light evolution inside the crystal obtained in specific cases when the edge dislocation is in on-and off-axis positions. The plots correspond to an input power of ϳ130 kW in Figs. 4(a)-4(c) and of 100 kW in 4(d). Analogous results were obtained for a variety of input powers and wave-vector mismatches near phase matching. One particular goal of the numerical study was to elucidate the effect of the exact shape of the dislocation on the phenomenon explored experimentally. The simulations confirmed that a phase jump accompanied by an amplitude jump (i.e., a p-like phase jump where the intensity vanishes) was necessary for the generation of the light distributions observed. Furthermore, although the precise output light distribution was found to be sensitive to the particular shape of the dislocation, e.g., in terms of steplike versus ramplike amplitude jump, the main features observed in the experiments were not. Thus similar results are expected to occur in settings where the edge dislocations are imprinted in the light beams in ways different from the glass plate employed here (e.g., by means of computer-generated holograms).
This leads us to conclude by stressing the robustness of the experimental observations reported here and their potential for quadratic soliton control. 
